Abstract. The majority of patients with Parkinson's Disease (PD) will eventually develop gastrointestinal disorders (GIDs) such as dysphagia, constipation and gastroesophageal reflux. The objectives of this study were to examine the incidence of GIDs in PD patients in a US population, and to examine subsequent PD-related outcomes in patients with GIDs. In a US administrative health claims database, GID incidence increased over time to reach 65% at four years after PD diagnosis. To further investigate this relationship, a subset of patients was analysed in greater detail. Continuously treated PD patients with and without GIDs were matched by age, gender, comorbidities, treatment regime, US region and plan type. Their emerging health outcomes were followed up for two years. Outcomes included neuropsychiatric, motor and urogenital disturbances, as well as healthcare utilization and costs. Patients with GIDs had higher rates of psychosexual dysfunction, anxiety, depression, ataxia, pain, movement disorders, urinary incontinence and falls. Emergency room admissions, the number of drugs for pain, sleep and depression, PD-related healthcare costs and non PD-related healthcare costs also increased during the observation period in GID patients. This study indicated that GIDs may be associated with deleterious effects on some PD-related outcomes.
INTRODUCTION
Parkinson's disease (PD) is a progressive neurological condition first described in 1817 [1] . This disease is linked to a deficiency of the dopamine neurotransmitter, required to transmit signals that regulate motor functions such as walking and balance. The key symptoms are tremor, rigidity, bradykinesia and postural instability [2] . PD has an estimated age-adjusted prevalence of 3.63 per 1000 men and 3.24 per 1000 women, and the risk of disease increases with age [3] .
Many patients with PD also suffer from dysfunctions of mood, behaviour, sleep, sensation and autonomic function. These non-motor symptoms have been observed to increase with age, although symptoms such as olfactory problems, constipation and depression can occur quite early in the disease [4] . Gastrointestinal disorders (GIDs) are the most commonly observed non-motor symptom of PD, affecting nearly all aspects of the gastrointestinal system. Some of the more common symptoms include dysphagia, gastroparesis and bowel dysfunction [5] . Disorders in gastrointestinal motility are often found even in the very early stages of PD, though patients may be unlikely to report mild symptoms unless specifically questioned about these issues [6] . Gastrointestinal symptoms tend to worsen as the disease progresses [7] .
While there is currently no cure for PD, functional impairment is usually treated with levodopa and/or dopamine agonists (DA). The standard of care for most patients is to first place the patient on monotherapy and then on polytherapy if the disease progresses in severity [2] . Early treatment of patients with DA has been associated with a reduced risk of motor complications [8] .
Delayed gastric emptying and, thus, delayed drug influx to the intestine may result in inconsistent reactions to orally-delivered medication. Furthermore, retention of levodopa in the stomach lengthens its exposure to dopa-decarboxylase, which can make it less available for absorption in the duodenum [9] . These variations in peripheral pharmacodynamics may account for some of the motor and non-motor fluctuations observed in individuals with PD [10] .
Most of these non-motor symptoms have been studied within the context of clinical trials. While these studies are essential to prove the safety and efficacy of medications, they may not be the best environment for observing prolonged longitudinal changes in a large body of patients. Administrative claims databases provide an opportunity to extend the results of clinical trials by examining the long-term progression of disease in an observational setting [11] . This study was designed to examine the frequency of GIDs in patients in the general US population with PD, and to determine the association between GID diagnosis and subsequent health-care outcomes.
METHODS

Database
Data were obtained using the PharMetrics PatientCentric Database (IMS Health, Connecticut, USA) that comprises of de-identified information from enrolment files as well as facility, professional service and outpatient pharmacy claims from private healthcare benefit plans covering over 55 million patients enrolled in more than 90 health plans across the United States. All claims for a given patient are linked using a unique encrypted identifier. The dataset is compliant with the Health Insurance Portability and Accountability Act (HIPAA).
Study design -Kaplan-Meier curve analysis
In order to determine the rate of GID diagnosis in PD patients, Kaplan-Meier estimates were constructed. Patients were divided into three groups based on age: younger than 65 years, between 65 and 75 years, and older than 75 years at the time of PD diagnosis. First, all patients with continuous enrolment for at least 12 months before PD diagnosis were analysed to determine the proportion of patients who had a GID diagnosis within 12 months prior to their PD diagnosis. To assess the proportion of GID diagnoses after PD diagnosis, only patients with greater than 80% medicine compliance ratio (see below) were included in the analysis. The inclusion criteria are listed in Table 1 .
Population
The study population consisted of patients who had at least one claim between January 2000 and December 2008 that was associated with a diagnosis for PD using the International Classification of Diseases, Ninth Revision (ICD-9 332.xx). The index date was the date of the first diagnosis for PD. 
Measurements
Claims during the pre-and post-index period were scanned to identify PD cases that had one or more diagnosis for a GID of interest.
Medication possession ratio
Pharmacy claims during the post-index period were scanned to calculate for each patient the number of prescriptions for levodopa and DA. Pharmacy records have shown to be a valid measure of the exposure of patients to their medication [12] . Prescriptions reported as filled were assumed to be prescriptions taken by the patient. These data were used to calculate the medication possession ratio (MPR), and thus the adherence of the patients to their regime. The MPR was calculated as the sum of the total days supplied on all levodopa or DA prescriptions, divided by the length of the period from index date to event date. To be included in the post-PD diagnosis GID incidence analysis, patients were required to have an MPR greater than or equal to 80% for levodopa and/or 80% for DA.
Study design -Case-control propensity matched analysis
The study hypothesis was that patients with GIDs may have worse PD-related outcomes. A literature review and expert clinician consultation was conducted to determine appropriate outcome measures [4] . All comorbidities generated by this review process were subdivided into the categories of neuropsychiatric, motor, urogenital, cardiovascular, and falls and fractures, using corresponding ICD-9 codes. Comparisons were made between patients who had a diagnosis for a GID in the pre-index period and patients who did not have a diagnosis for a GID in the pre-index period (see Fig. 1 ). The inclusion criteria are listed in Table 2 .
Population
The study population consisted of patients with PD who had at least two claims that were associated with a diagnosis for PD. The study captured patients who had prescriptions for levodopa or DA between September 2005 and September 2006. The index date was the date of the first levodopa or DA prescription after the first diagnosis for PD. Levodopa and DA were chosen as the target medications as these are the treatments that are most commonly recommended to US physicians [2] . Patients must have maintained continuous enrolment during the entire six month pre-index and two year post-index period.
Measurements
Age, sex, US region, and healthcare benefit plan type at the index date were obtained from enrolment files. Claims during the pre-index period were scanned to identify PD cases who had one or more diagnosis for a GID of interest (listed in Table 3 ), or control PD patients who did not have any diagnosis for the GIDs of interest during the pre-index period.
Medication possession ratio
The MPR was calculated as the sum of the total days supplied on all levodopa or DA prescriptions, divided *Each case is matched with only 1 control (1 : 1 match) on propensity score using an 8 > 1 digit match [14] . Incomplete matching for 1 case out of 486 was lost due to a failure to match on a specified number of digits (8 > 1), and thus this patient was excluded from the analysis. by the length of the post-index period (24 months).
To be included in the study, patients were required to have an MPR greater than or equal to 80% for levodopa and/or 80% for DA. Patients with an MPR of less than 80% were excluded from the study. This subset of patients was selected to ensure that the results were not influenced by worse outcomes due to non-compliance.
Outcomes
Claims were assumed to be PD-related if they included a diagnosis of PD. The number of prescriptions for drugs used to treat pain, depression and sleep disorders were also monitored over the postindex period. Based on reported diagnoses, Deyo's version of the Charlson comorbidity index (CCI) [13] was used to produce a weighted index of 17 chronic medical conditions for each patient. For the determination of healthcare costs, the PharMetrics variable "ALLOWED" was examined, which reflects the paid amount plus any member liability, as it is the cost variable that most closely reflects the burden of illness.
Statistical analysis
Data were analysed with the SAS statistical package (version 9.1; SAS Institute Inc., North Carolina, USA). Descriptive analyses (frequencies and percentages) of baseline characteristics were performed on the patients in the GIDs group. Patients for the "No GIDs" group were selected using a propensity-matching system that took into account the baseline characteristics of age, sex, treatment regime, US region, plan type and pre-index CCI [14] . Hypothesis testing was conducted using McNemar's tests for categorical variables and Wilcoxon signed rank sum tests for continuous variables. The nominal significance threshold was not adjusted to take into account multiple testing. All p-values can only be interpreted in an explorative manner.
RESULTS
Survival curves from a retrospective analysis of a US administrative health claims database showed an increased incidence over time of GIDs in patients diagnosed with PD. This analysis found that 29% of patients who were diagnosed with PD had been diagnosed with GIDs in the previous year. By four years post PD diagnosis the proportion of patients who had been diagnosed with GIDs was 50% for patients under 65, 68% for patients between 65 and 75, and 72% for patients over 75 (Fig. 2) .
Time until GID (months before/after PD diagnosis) Proportion of patients (%) A total of 485 patients were identified from the claims database as fulfilling all the study inclusion criteria for the "GIDs" group. Of these patients, 61% were adherent to levodopa only, 13% were adherent to DA only and 26% were adherent to both levodopa and DA regimes. The most common GIDs were oesophageal disorders (such as gastroesophageal reflux), digestive disorders (such as constipation) and dysphagia. A total of 485 matched controls were selected from patients who had PD but were not diagnosed with GIDs during the pre-index period. These matched controls formed the "No GIDs" group. Patients from the case and control groups exhibited similar demographic and clinical characteristics, such as age distribution, treatment regime and concurrent medications (Table 4) . Patients from the two groups had similar prescribed daily doses of levodopa and/or DA (data not shown).
Common symptoms of PD include sleep disorders, as well as dysfunctions of the neuropsychiatric, autonomic and sensory systems [4] . The incidence of these symptoms was examined via a search for associated ICD-9 diagnoses during the post-index period for both groups (Tables 3 and 4 Table 6 Incidence of selected motor, urogenital and cardiovascular disturbances as well as reported falls and fractures during the two year follow-up period of compliant PD patients with GIDs matched to compliant PD patients without GIDs Healthcare-related events and outcomes were examined during the post-index period (Table 7 and Fig. 5 ). The number of ER visits was found to be 1.42-fold higher in the "GIDs" group (p = 0.0011). The number of drugs prescribed for pain, sleep disorders, or depression was 1.06-fold higher in the "GIDs" group (p = 0.0432). Healthcare costs were also examined, and it was found that PD-related costs were 1.13-fold higher (p = 0.0038) while non-PD-related costs were 1.12-fold higher (p = 0.0088) for the "GIDs" group than the "No GIDs group".
DISCUSSION
A retrospective claims database analysis was conducted to examine the longitudinal frequency of GIDs in PD, as well as the relationship between GIDs and PD-related outcomes. This longitudinal dataset suggests that 65% of compliant PD patients suffer from some form of GID four years after PD diagnosis. This is consistent with cross sectional and other observational data of patients with PD, as surveys have found that at least 66% of patients report at least one kind of GID, compared to about 29% of control patients [15] .
Previous studies of claims databases found that patients with PD utilised more physicians, had higher physician-related costs and higher mortality than matched controls without PD [16, 17] . This is the first study to the authors' knowledge that examined the association between GIDs and PD-related outcomes using a retrospective claims database. This dataset demonstrates that patients with pre-existing GIDs before PD diagnosis have higher rates of some neurological, movement and urinary disorders. These patients also have higher rates of falls and ER visits in the first two years after their PD diagnosis. They have more prescriptions for drugs to treat pain, depression and sleep disorders than PD patients without GIDs.
Patients with GIDs had higher healthcare costs for both PD-related costs as well as those not directly related to PD. The total annual healthcare costs for compliant PD patients were found to be US$18,055 for those without GIDs and US$20,245 for those with GIDs. This is consistent with a previous finding of a total economic burden of $18,528 for PD patients in the Medicare beneficiaries register [18] .
This study has limitations that are intrinsic to the experimental design. While retrospective studies have the advantage of reflecting the healthcare utilisation of a large number of patients in an observational setting, these studies lack the level of control that exists in randomised studies. Strict causality cannot be demonstrated in an observational study, however, these studies are often essential in the generation of new hypotheses. Furthermore, while propensityscore matching was used to minimise the differences between the two groups, it is possible that these results may have been influenced by selection bias. Pre-index characteristics such as age, sex, US census region, plan type, comorbidities and treatment regime were included as covariates to ensure that the matched pairs were comparable. The administrative claims database utilized did not contain any supplemental patient data such as disease severity, tobacco use, or exposure to environmental toxins, and thus these variables were not able to be analysed or controlled for in this study. This study focused on compliant patients to ensure that medication non-adherence did not influence the results, and thus non-compliant PD patients may show a different association between GIDs and subsequent health outcomes.
These results add to the increasing body of evidence suggesting an association between GIDs and poorer PD-related outcomes. Increased retention within the stomach may convert some medications into a form that prevents intestinal absorption, and any delayed arrival of orally-delivered medication could cause erratic responses [5] . Gastric emptying influences the variation of the plasma bioavailability of treatment drugs, which may affect the response in patients with PD [19] . Indeed, delayed gastric emptying has been found to be more common in patients with PD who have "delayed-on" and "no-on" response fluctuations [20] .
CONCLUSION
The majority of people diagnosed with PD will ultimately acquire at least one GID. This analysis used a US claims database to monitor GIDs incidence and found that it reached 65% at four years post PD diagnosis. To further examine the impact of GIDs on PD, a subset of compliant PD patients with GIDs was examined. These patients were matched with PD patients without GIDs and followed up for two years. Patients with GIDs had higher rates of psychosexual dysfunction, anxiety, depression, ataxia, pain, movement disorders, urinary incontinence and falls. Furthermore, ER admissions, number of comorbidity-related therapeutics and healthcare costs increased during the observation period in GIDs patients.
Overall, patients with both GIDs and PD appear to have worse health outcomes compared to patients who receive a diagnosis for PD with no prior GIDs diagnosis. Physicians treating PD patients should be aware that those patients with GIDs may be more likely to develop neurological, movement and urinary disorders and may require a higher level of care.
